Abstract. The current study aimed to investigate the potential role of miR-9 in the inhibition of ovarian cancer progression through the stromal cell-derived factor-1 (SDF-1)/ C-X-C chemokine receptor type 4 (CXCR4) pathway and to provide a theoretical basis for the diagnosis and treatment of ovarian cancer. Human ovarian cancer OVCAR-3 cells were transfected with miR-9 short hairpin RNA (shRNA). The effect of miR-9 on the mRNA expression levels of CXCR4 were analyzed using reverse transcription-quantitative polymerase chain reaction. The effects of miR-9 on OVCAR-3 cell proliferation, invasion and apoptotic ability were detected using a 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl tetrazolium bromide assay, Matrigel method, and Annexin V-fluorescein isothiocyanate flow cytometry, respectively. In addition, expression levels of SDF-1/CXCR4 pathway associated proteins were determined by western blot analysis. mRNA expression levels of CXCR4 in OVCAR-3 cells transfected with miR-9 shRNA was significantly downregulated compared with the blank and control groups (P<0.05). Furthermore, compared with the two control groups, the current results revealed that miR-9 inhibited cell proliferation, suppressed invasive ability and induced cell apoptosis in OVCAR-3 cells (P<0.05). Finally, it was observed that miR-9 functioned as a tumor inhibitor through the SDF-1/CXCR4 pathway by suppressing the expression levels of extracellular signal-regulated kinase 1 (ERK1), ERK2 and matrix metalloproteinase-9 proteins. The present study suggested that miR-9 may function as a promising tumor inhibitor for ovarian cancer through targeting the SDF-1/CXCR4 pathway.
Introduction
Ovarian cancer is one of the most common malignancies in women, and may be classified as epithelial ovarian cancer (EOC) and ovarian cancer of germ cell origin (1, 2) . Statistics indicate that the mortality rate of EOC places it at fourth position among female cancers, and the mortality rates as a result of EOC morbidity have been high in recent years (3, 4) . Previous studies suggest that it is difficult to diagnose EOC in the early stages in the ovary exists in the specific shady position of pelvis, which also results in a 5-year survival rate of 15-30% (5, 6) . Therefore, to explore several key factors for EOC diagnosis in the early stage may be of some use to clinical practice.
MicroRNAs (miRNAs) are a class of endogenous ~22 nt RNAs that serve crucial roles in the human body through targeting mRNAs at the post-transcriptional level (7) . Several miRNAs represent a novel class of genes that have important roles as negative regulators of gene expression in a number of diseases in previous studies. For example, Yang et al (8) showed that miR-214 was able to induce cell survival and cisplatin resistance via targeting phosphatase and tensin homolog in ovarian cancer, and Vecchione et al (9) revealed that miR-484 functions independently in ovarian cancer by modulating vascular endothelial growth factor (VEGF) through VEGFB signaling. In addition, several papers have indicated that miR-9 may function as a tumor suppressor in certain types of cancer, such as ovarian cancer and colon cancer (10, 11) . One such paper by Tang et al (12) determined that miR-9 inhibits cell proliferation, migration and invasion, and is a tumor suppressor in ovarian serous carcinoma through targeting the Talin-1 gene. In addition, cytokine stromal cell-derived factor (SDF-1, also known as CXCL12), a small proinflammatory chemoattractant cytokine that is able to bind to a specific G-protein coupled seven-span transmembrane receptor of CXCR4, is a major regulator of cell trafficking and adhesion (13) . Increasing evidence has indicated that the SDF-1/CXCR4 pathway is crucial in promoting tumor cell proliferation and enhancing cell invasion and tumor angiogenesis by activating the downstream signal proteins in variety of tumors, such as ovarian carcinoma, oral cancer and colorectal carcinoma (14, 15) . Although several papers in the literature have reported the importance of the role of miR-9 in ovarian cancer development, the association between miR-9 and the SDF-1/CXCR4 pathway in ovarian cancer proliferation, in addition to its underlying mechanism, have yet to be elucidated.
In the present study, miR-9 was transfected into human ovarian cancer OVCAR-3 cells for the purpose of analyzing the effects of miR-9 in ovarian cancer progression. Comprehensive experimental methods were used to detect the expression levels of CXCR4 mRNA, and to measure the effects of miR-9 on OVCAR-3 cell proliferation, invasion and cell apoptosis. The current study aimed to investigate the potential role of miR-9 in ovarian cancer progression and its potential mechanism, and may provide a theoretical basis for future research concerning ovarian cancer diagnosis and treatment.
Materials and methods
Cell culture and cell transfection. The human EOC OVCAR-3 cell line (American Type Culture Collecction, Manassas, VA, USA) was cultivated in RPMI 1640 medium (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 20% fetal bovine serum (FBS; Sigma-Aldrich, St. Louis, MO, USA) and incubated at 37˚C in 5% CO 2 . The miR-9 mimics were purchased from Sangon Biotech Co., Ltd. (Shanghai, China), and synthetic small duplex sequences of miR-9-RNA were bioprocessed into mature miR-9 in cells. Total cells were separated into three groups as follows: i) Blank (cells transfected without miR-9 RNA); ii) negative control (NC) sequence was used to eliminate any potential non-sequence specific effects; and iii) experimental group (cells transfected with miR-9 RNA). Briefly, OVCAR-3 cells in the logarithmic phase were transferred onto 6-well plates, followed by the transfection of miR-9 mimics into cells according to the protocol supplied with the Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). Subsequently, cells were cultivated using RPMI-1640 medium without antibiotics, and Lipofectamine 2000 and miR-9 mimics were diluted with serum-free medium. Primers were as follows: Sense, 5'-GGG TCT TTG GTT ATC TAGC-3' and antisense, 5'-TGC GTG TCG TGG AGTC-3' for miR-9 amplification; and sense, 5'-UUC UCC GAA CGU GUC ACG UTT-3' and antisense, 5'-ACG UGA CAC GUU CGG AGA ATT-3' for the silenced miR-9 vector construction.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
The OVCAR-3 cells in three groups collected at 48 h underwent grinding in liquid nitrogen and were then washed with PBS buffer (pH 7.4). The total RNA from OVCAR-3 cells was isolated using TRIzol extraction reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol (16) , and the isolated RNA was treated with RNase-free Dnase I (Promega Corporation, Madison, WI, USA) to remove genomic DNA. The concentration and purity of extracted RNA was detected using SMA4000 UV-VIS (Merinton Instrument, Inc., Ann Arbor, MI, USA). The purified RNA (0.5 µg/µl) was used for cDNA synthesis with the PrimerScript 1st Strand cDNA Synthesis kit (Takara Biotechnology Co., Ltd., Dalian, China). Primers used for target amplification were as follows: Sense, 5'-CTT CTT AAC TGG CAT TGTGG-3' and antisense, 5'-ACT GAA CCT GAC CGT ACA GTG ATG ACA AAG-3'. RT-qPCR was performed using an Eppendorf Mastercycler (Brinkmann Instruments, Westbury, NY, USA) using the SYBR ExScript RT-qPCR Kit (Takara Biotechnology Co., Ltd.). A total reaction system of 20 µl volume contained 1 µl cDNA from the aforementioned PCR, 10 µl SYBR Premix EX Taq, 1 µl of each of the primers (10 µM), and 7 µl ddH 2 O. The PCR program was as follows: Denaturation at 95˚C for 2 min; followed by 45 cycles at 95˚C for 10 sec, 59˚C for 20 sec and 72˚C for 30 sec. The 2 -ΔΔCT method was used to determine the relative gene expression levels. Melting curve analysis of amplification products was performed at the climax of each PCR to confirm that only one product was amplified and detected. GAPDH was used as the internal control.
3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyl tetrazolium bromide (MTT) assay.
Cell survival rate and sensitivity of OVCAR-3 tumor cells at different time points following transfection with miR-9 or NC vectors were detected using MTT assay as previously described (17) . Briefly, 200 µl OVCAR-3 tumor cells in the logarithmic phase were transfected into 24-well plates with RPMI 1640 medium supplemented with 10% FBS for 24 h. Each assay was performed six times and repeated three times independently. Subsequently, MTT (5 mg/ml; Sigma-Aldrich) was added into the 24-well plates to combine with tumor cells, and incubated at 37˚C for 4 h. Mixtures were centrifuged at 1,000 x g for 10 min, followed by removal of the supernatant. Next, 150 µl dimethyl sulfoxide was added to the harvested cells to dissolve the formazan. The absorbance of cells in each plate was measured at 570 nm using a microplate reader (THERMOMultiskan; M3, Fort Washington, PA, USA).
Cell invasion assay. The invasive ability of OVCAR-3 cells was detected on Matrigel-coated (0.8 mg/ml) Transwell inserts with 8 µm pore size (BD Biosciences, Franklin Lakes, NJ, USA). The miR-9 RNA and scrambled OVCAR-3 cells were starved for 24 h, then harvested. Subsequent to this, cells (300 µl; cell density, 1x10 5 cells/ml) were seeded into the upper well of the chamber containing serum free medium. The lower chamber contained RPMI 1640 with 10% BSA. Following an incubation period of 12 h, cells were invaded onto the membrane and fixed with 70% ethanol and stained with 0.1% crystal violet and sealed on slides. The number of cells across the membrane was calculated using a light microscope.
Cell apoptosis assay. Effect of miR-9 on OVCAR-3 tumor cell apoptosis was quantified by flow cytometry using Annexin V-fluorescein isothiocyanate (FITC) cell apoptosis kit (Invitrogen; Thermo Fisher Scientific, Inc.) according to manufacturer's protocol (18) . Briefly, the OVCAR-3 cells were transfected with miR-9 or NC vectors for 36 h, followed by the replacement of cell culture medium with serum-free RPMI 1640 medium. Total cells were harvested and washed using PBS buffer (pH 7.4) three times, and resuspended in the staining buffer provided in the kit. Following this, 5 µl Annexin V-FITC and 5 µl propidium iodide (PI) were mixed with the cells. After being cultivated at room temperature for 10 min, mixtures were analyzed using the FACScan flow cytometry (BD Biosciences). Annexin V-positive and PI-negative cells were considered to be apoptotic cells.
Western blot analysis. OVCAR-3 tumor cells at 48 h were lysed in radioimmunoprecipitation assay (Sangon Biotech Co., Ltd.) lysate containing phenylmethanesufonyl fluoride and centrifuged at 8,000 x g for 10 min at 4˚C. Supernatant was collected to determine the concentration of proteins using a bicinchoninic acid protein assay kit (Pierce Biotechnology, Inc., Rockford, IL, USA). A total of 25 µg protein per cell lysates was then subjected to 10% SDS-PAGE and transferred onto a polyvinylidene fluoride membrane (Merck KGaA, Darmstadt, Germany). The membrane was blocked in Tris-buffered saline/Tween 20 (TBST) with 5% non-fat milk for 1 h, and subsequently incubated with rabbit anti-human extracellular signal-regulated kinase 1 (ERK1; ab17942), ERK2 (ab32081) or matrix metalloproteinase-9 (MMP-9; ab38898; all Abcam, Cambridge, UK) monoclonal antibodies (1:100) overnight at 4˚C, then incubated with horseradish peroxidase labeled goat anti-rat secondary antibody (1:1,000; ab7010; Abcam) at room temperature for 1 h. Subsequently, the membrane was washed using the X1 TBST buffer for 10 min three times. Detection was performed using the development of X-ray after chromogenic substrate with an enhanced chemiluminescence method. In addition, β-actin (Sigma-Aldrich) served as the internal control.
Statistical analysis. All data are expressed as the mean ± standard error of the mean. Independent sample t-test was used to calculate the difference among groups (Blank compared with control; miR-9 compared with Blank, and miR-9 compared with control) using GraphPad Prism software (version 5.0; GraphPad Software, Inc., San Diego, CA, USA). P<0.05 was defined as statistically significant.
Results

miR-9 inhibited CXCR4 expression in ovarian tumor cells.
In order to analyze the effect of miR-9 on CXCR4 expression levels in OVCAR-3 tumor cells, shRNA vectors of miR-9 or NC were transfected into OVCAR-3 cells (Fig. 1) . The results indicated that CXCR4 expression levels in OVCAR-3 cells that were transfected with miR-9 declined significantly compared with those in the control group (P<0.05), other than this, there was no significant difference in CXCR4 expression levels in the Blank group compared with the NC group (P>0.05).
MTT assay. The effect of miR-9 on ovarian tumor OVCAR-3 cell vitality was detected using an MTT assay (Fig. 2) . The results indicated that there was no significant difference in cell vitality between the Blank and NC groups with increasing time (P>0.05). However, cell vitality in the miR-9 group was significantly decreased compared with that in the Blank and NC groups with increasing time (P<0.05), indicating that miR-9 may inhibit OVCAR-3 cell vitality.
Cell invasion assay. The cell invasive ability of OVCAR-3 cells transfected with miR-9 was assessed using the Matrigel method (Fig. 3) . There was no significant difference in cell invasive ability between the Blank and control groups (P>0.05), however, the cell number of OVCAR-3 cells in the miR-9 group was significantly declined compared with the Blank and NC groups (P<0.05), suggesting that miR-9 may suppress the invasive ability of ovarian tumor OVCAR-3 cells.
Cell apoptosis. In order to assess the effect of miR-9 on OVCAR-3 cell apoptosis, Annexin V was used to measure the apoptotic cells (Fig. 4) . The results revealed that the apoptotic cells in the Blank and NC groups were 1.43 and 2.86%, respectively ( Fig. 4A and B) . The amount of apoptotic cells in the miR-9 group was 4.5% (Fig. 4C) , implying that miR-9 may accelerate OVCAR-3 cell apoptosis.
Western blot analysis. To identify the association between miR-9 with the SDF-1/CXCR4 signal pathway in ovarian cancer, western blot analysis was conducted to detect the signal pathway associated proteins (Fig. 5) . There was no significant difference in ERK1, ERK2 and MMP-9 protein expression levels between Blank and control group (P>0.05; Fig. 5 ). However, the expression levels of ERK1, ERK2 and MMP-9 in miR-9 groups were significantly reduced compared with those in the Blank or NC groups (P<0.05).
Discussion
Ovarian cancer is one of the most prominent malignancies detected in females worldwide (1, 2) , and the mortality rates associated with EOC has led it to be ranked fourth among female cancers, and mortality resulting from EOC morbidity has been particularly high in recent years (3, 4) . Despite the importance of the role of miR-9 in ovarian cancer development being widely reported in the literature (10, 12) , the association between miR-9 and the SDF-1/CXCR4 pathway in ovarian cancer proliferation and its potential mechanism have yet to be fully elucidated. In the present study, the effect of miR-9 on ovarian cancer cell proliferation was analyzed by transfecting miR-9 RNA into OVCAR-3 cells. The current data indicated that miR-9 was able to downregulate the mRNA expression levels of CXCR4, inhibit cell proliferation, suppress cell invasion and induce cell apoptosis of OVCAR-3 cells. Furthermore, miR-9 was able to downregulate the protein expression levels of ERK1, ERK2 and MMP-9 in OVCAR-3 cells.
The current data displayed that miR-9 was able to inhibit cell proliferation, suppress invasive ability and induce cell apoptosis of OVCAR-3 cells. Prior studies have demonstrated that inhibiting cell proliferation, suppressing cell invasion and inducing cell apoptosis could block tumor metastasis (19, 20) . Laios et al (11) demonstrated that miR-9 blocked cell proliferation and angiogenesis, induced cell apoptosis and repressed invasion in ovarian cancer. Additionally, Guo et al (21) revealed that cell growth was inhibited by miR-9 through NF-kB1 signaling in ovarian cancer. In addition, Tan et al (22) established that miR-9 reduced cell invasion in SK-Hep-1 cells, consequently suppressing tumor metastasis. In a study by Lujambio et al (23) , the methylation status of miR-9 was certified to be associated with cancer metastasis by influencing biological processes such as cell apoptosis, differentiation and proliferation. Based on the current results, we hypothesize that miR-9 may function to suppress ovarian cancer metastasis by influencing cell invasion, proliferation and apoptosis.
Furthermore, the current results revealed that CXCR4 was downregulated by miR-9 in OVCAR-3 cells. CXCR4 is the receptor for SDF-1 (CXCL12 cytokine) and is involved in cancer progression through certain signals (24) . It has been demonstrated that endocrine disrupting chemicals are able to promote cell growth in ovarian cancer through the CXCL-12-CXCR4 signaling pathway (25) . In addition, Popple et al (26) revealed that SDF-1 was able to induce the proliferation of tumor cells and thus may be an independent predictor of poor survival in ovarian cancer. Furthermore, Lu et al (27) identified that miR-9 acted as a tumor suppressor in nasopharyngeal carcinoma by repressing CXCR4 expression, and miR-9 has been determined to be an inhibitor on cell proliferation in oral squamous cell carcinoma by suppressing CXCR4 expression (28) . Conversely, the expression levels of ERK1, ERK2 and MMP-9 were also downregulated by miR-9 in this study. The activated ERK1/2 was able to induce CXCR4 expression in cancers (29) and Yu et al (30) found that CXCR4 enhanced squamous cell carcinoma migration and invasion by inducing MMP-9 expression through the ERK signaling pathway. MMP-9 serves a crucial role in tumor invasion and metastasis (31) , and it has been reported that SDF-1 enhances cell invasion of ovarian cancer by upregulating MMP-9 expression (32). In accordance with previous results, CXCR4 and MMP-9, ERK1/2 expressions were lower in the miR-9 group compared with the controls, indicating that miR-9 may be a suppressor of ovarian cancer metastasis by downregulating the SDF-1/CXCR4 pathway by suppressing ERK1/2 and MMP-9 expression levels.
In conclusion, the current study investigated the effect of miR-9 in ovarian cancer metastasis and investigated potential underlying mechanisms. Overall, the current study ascertained that miR-9 downregulates CXCR4 expression in ovarian cancer OVCAR-3 cells and inhibits OVCAR-3 cell proliferation and suppresses cell invasiveness. In addition, miR-9 induces OVCAR-3 cell apoptosis and is a tumor inhibitor for ovarian cancer via the SDF-1/CXCR4 pathway. Thus, miR-9 may function as a promising tumor therapy by inhibiting cell proliferation, suppressing invasion and inducing cell apoptosis via the downregulation of the SDF-1/CXCR4 pathway in ovarian cancer. The present study may provide a basis for future research pertaining to the diagnosis of ovarian cancer. However, further experimental studies are required to explore the complex mechanisms underlying the involvement of miR-9 in ovarian cancer.
